Abstract
GFP gene that is strictly regulated through silver activated regulatory regions that control 23 expression of the sil operons. The two biosensors are responsive to a wide range of silver ion 24 concentrations, and a correlation between silver and GFP signal is seen at select concentration 25 ranges. The biosensors were shown to detect silver ions released from silver nanoparticles, and 26 have the potential to become a method for monitoring ion release rates of different nanoparticles.
27
Interestingly, the close homology of the silver resistance and copper resistance genes allowed for 28 the biosensor to also be responsive to copper ions, implying that copper ions activate silver Ionic silver is an effective antimicrobial agent widely used in the cleaning and medical 46 industries (1, 2). However, this heavy metal has burdened the environment through its release in 47 large quantities, and persistence as hazardous waste (3, 4). Silver ions and silver nanoparticles 48 have repeatedly been reported in natural waterways and mining areas and are known to affect 49 microbial communities, plants, and even animals (5).
50
There have been several efforts to develop methods for detecting and quantifying the 51 extent of silver pollution within an environmental sample. Guo has been shown to convey resistance to 0.6 mM AgNO 3 , and is thereby a potentially effective 86 mechanism for development of a biosensor to sense between 0 mM and 0.6 mM.
87
The two-component sensor and regulator unit silR and silS is able to detect available Lastly, for biosensors to be specific for the detection of a particular pollutant, the 93 promoter which activates the reporter gene should ideally only become active in the presence of 94 that specific pollutant. In the case of this mechanism, it has been demonstrated that copper ions 95 activate the production of the resistance mechanism through cusRS, which is a copper-96 responsive, two-component sensor and regulator system. Since cusRS and silRS systems are 97 assumed to function in similar manner, it was suggested that the silver ions could also activate 98 the silver resistance mechanism through silRS. AgCl precipitate influences the biosensor grow at higher silver concentrations.
144
Biosensor variants are able to detect silver nanoparticles 145 Two types of research grade nanoparticles (MR266 and PT163), were tested with both 146 biosensors RADEK.1 and RADEK.2 starting at 0.1 mM and two-fold dilutions to 0.01 mM.
147
These nanoparticles were described to be fairly stable by the manufacturers, meaning only 1% of 148 silver ions would be in solution after synthesis, however, this can change depending on the The ability of the constructed biosensor strains to detect silver nitrate and copper sulfide 248 was tested in a 96-well microtiter plate by using the 2-fold microdilution method with slight 249 modifications. The biosensor was pre-cultivated in LB with 100 ug/ml Amp and 25 ug/ml Kan experiment. One silver nanoparticle type was between 10-15 nm and contained a mix of particle 274 shapes, with the other being around 65 nm and decahedra (pentagonal prism) in shape (26, 27).
275
Nanoparticles were concentrated using vacuum-centrifugation until 0.26 mM. A similar assay to 276 silver and copper was used expect with the modification that silver concentrations only started at 277 0.1 mM. This was due to the limited amount of available silver nanoparticles. 
